A pink-red pigmented, non-motile, coccoid bacterial strain, ST0316 T , was isolated from dust samples collected from the stratosphere in Japan. Phylogenetic analysis based on 16S rRNA gene sequences showed that it belonged to the genus Deinococcus. DNA G+C content (69.8 mol%), desiccation tolerance, and resistance to gamma-rays [D 10 (dose required to reduce the bacterial population by 10-fold Members of the genus Deinococcus, which houses 34 species at the time of writing, are known to be desiccation-and radiation-resistant, and have been isolated from various natural environments. It has been suggested that deinococci may become airborne and be distributed throughout the environment (Battista & Rainey, 2001) . Actually, some strains belonging to the genus Deinococcus have been isolated from air dust sources (Murray & Robinow, 1958; Christensen & Kristensen, 1981; Weon et al., 2007; Yang et al., 2009) . In a previous study, we obtained a novel UVresistant strain from an air dust sample collected in the stratosphere (Yang et al., 2008) . Here we report the detailed characterization of this isolate, ST0316 T .
Members of the genus Deinococcus, which houses 34 species at the time of writing, are known to be desiccation-and radiation-resistant, and have been isolated from various natural environments. It has been suggested that deinococci may become airborne and be distributed throughout the environment (Battista & Rainey, 2001) . Actually, some strains belonging to the genus Deinococcus have been isolated from air dust sources (Murray & Robinow, 1958; Christensen & Kristensen, 1981; Weon et al., 2007; Yang et al., 2009) . In a previous study, we obtained a novel UVresistant strain from an air dust sample collected in the stratosphere (Yang et al., 2008) . Here we report the detailed characterization of this isolate, ST0316 T .
We tested the growth of strain ST0316 T on nutrient agar no. 2 (10.0 g peptone, 10.0 g meat extract and 5.0 g NaCl per litre, pH 7.0±0.2), Difco nutrient (3.0 g beef extract, 5.0 g peptone per litre, pH 6.8±0.2), ATCC medium 86 (Difco nutrient with 1 % glucose), Degryse medium 162 (Degryse et al., 1978) , TGY (1 % tryptone, 0.1 % glucose, 0.5 % yeast extract, pH 7.0±0.2) and mTGE (6.0 g beef extract, 10.0 g tryptone, 2.0 g glucose per litre, pH 7.0±0.2). Like some deinococcal isolates from the Sonoran Desert (Rainey et al., 2005) , ST0316 T grew extremely slowly or not at all in liquid media. Its growth on solid agar containing the above nutrients was also slow, although faster than in the respective liquid medium. Addition of glycerol (0.5 %) and KH 2 PO 4 (0.1 mM) to mTGE agar (namely mTGE-GP) slightly accelerated its growth. Unless stated otherwise, ST0316
T cells used in this study were obtained from cultures grown for 3 weeks on mTGE-GP, incubated in the dark at 30 u C. Growth temperatures were measured by spreading cells on mTGE-GP, incubating at 4, 10, 15, 20, 23, 25, 28, 30, 32, 35, 40, 42 or 45 u C for 4 weeks, and checking the development of colonies on the agar plates. The pH range for growth was determined on mTGE-GP plates with the medium buffered between pH 5.8 and pH 8.0 (0.2 pH unit intervals) with 10 mM potassium phosphate buffer.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain ST0316
T is AB087287.
A graph showing gamma-ray resistance of strain ST0316
Morphological observation, biochemical tests, peptidoglycan analysis, extraction of menaquinones and genomic DNA, measurement of DNA G+C content, and determination of gamma-ray resistance and partial 16S rRNA gene sequence were conducted as described previously (Yang et al., 2009) . Agar plates containing mTGE and 0.5 % glycerol were used for the serially diluted irradiated and control samples in the determination of c-ray resistance. The gamma-ray resistance tests were conducted with the control strains Deinococcus radiodurans ATCC 13939 T and Deinococcus aerius TR0125 T , Bacillus spores and Escherichia coli MG1665. Determination of desiccation resistance of strains ST0316
T and ATCC 13939 T was independently conducted three times according to the method described by Callegan et al. (2008) using mTGE-GP. Incubation time was 3 days, 2 weeks, 4 weeks and 1-2 days for ATCC 13939
T , and Bacillus and E. coli, respectively. Menaquinones were analysed by high performance liquid chromatography (Hiraishi et al., 1989) , with the controls menaquinone-8 from ATCC 13939 T and commercial menaquinone-7. Polar lipids were extracted and analysed by two-dimensional TLC according to Tindall (1990) . Fatty acid methyl esters from ST0316
T and Deinococcus geothermalis DSM 11300 T were obtained (Kuykendall et al., 1988) , separated by gas chromatography using the Sherlock Microbial Identification System (Version 3.00B), identified and quantified using TSBA (Version 4.0) of MIS Standard Libraries (MIDI).
Single-carbon-source assimilation by ST0316
T and D. geothermalis DSM 11300
T was assessed by the method described by Rainey et al. (2005) using agar plates containing Degryse basal salts medium and a carbon source. Plates lacking a carbon source were used as a negative control. Plates containing mTGE or Degryse basal salts medium with the addition of glycerol (0.5 %) were used as positive controls. Growth was visually examined after incubation at 30 u C for 4 weeks (ST0316 T ) or at 47 u C for 1 day (D. geothermalis DSM 11300 T ).
The partial 16S rRNA gene sequence of ST0316
T and the sequences of type strains of described species of the genus Deinococcus were aligned for phylogenetic analysis using CLUSTAL W (Thompson et al., 1994) in MEGA 3.1 (Kumar et al., 2004) . Regions where the alignment was unclear were removed from the data with GBlocks 0.91b (Castresana, 2000) . A phylogenetic tree was reconstructed by the maximum-likelihood method with the TREEFINDER version published in October 2008 (Jobb, 2008 ). The GTR+I+G model was selected as the best evolutionary model for the data by MODELTEST 3.7 (Posada & Crandall, 1998) under the Akaike's information criterion, and was used in the maximum-likelihood analysis. Bootstrap analysis (1000 pseudoresamplings) was performed to obtain the bootstrap probability of each node. 16S rRNA gene sequence similarity values between ST0316
T and type strains of its closest neighbours (Deinococcus aerius, D. apachensis, D. geothermalis and D. murrayi) were calculated by using the BLAST 2 sequences software (Tatusova & Madden, 1999) using the default parameters.
Cells of strain ST0316
T were non-spore-forming, nonmotile, spherical, and 1.0-1.5 mm in diameter. Most cells were found in clusters. Single cells were rarely observed, even after repeated treatment with a homogenizer and vortex. Cells stained Gram-positive. Colonies on mTGE agar were circular, convex, shiny with wavy edges and pink-red pigmented (non-fluorescent). The strain grew between 15 and 40 u C, and optimally between 25 and 30 u C. No growth occurred below pH 6.0 or above pH 7.6 within four weeks. The isolate was positive for catalase, oxidase, arginine arylamidase, pyrrolidone arylamidase, b-galactosidase and aesculin hydrolysis. Tests for urease, arginine dihydrolase, ornithine decarboxylase, b-glucuronidase and alkaline phosphatase were negative. Nitrate was reduced to nitrite. Cells utilized only a limited number of carbon sources, namely glycerol and asparagine, among the tested substrates (Supplementary Table S1 , available in IJSEM Online). ST0316
T exhibited higher levels of resistance to gammarays [D 10 (dose required to reduce the bacterial population by 10-fold) .8 kGy] than ATCC 13939 T (D 10 56.7 kGy) ( Supplementary Fig. S1 ). Surviving fractions after a 6-week desiccation were 80 and 32 % for ST0316
T and ATCC 13939 T , respectively. The predominant species of fatty acids detected were C 16 : 1 v7c (34.7 %), C 16 : 0 (21.4 %), C 17 : 0 (6.7 %) and iso-C 17 : 0 (6.2 %) (Supplementary Table S2 ). DGlutamic acid, glycine, D-alanine, L-alanine and ornithine (molar ratio of 1 : 2 : 1 : 1 : 1) were the major peptidoglycan amino acids. The major menaquinone was MK-8. The polar lipids were dominated by a variety of phosphoglycolipids, glycolipids and phospholipids ( Supplementary Fig. S2 ). The DNA G+C content was 69.8 mol%. BLAST The high UV (Yang et al., 2008) and gamma-ray resistance, high DNA G+C content, major peptidoglycan amino acids, major menaquinone, and desiccation tolerance, as well as the 16S rRNA gene sequence, indicated that strain ST0316 T belonged to the genus Deinococcus. On the 16S rRNA gene sequence-based tree (Fig. 1) , the strain clustered with D. aerius, D. apachensis, D. geothermalis and D. murrayi. However, clear separation on the phylogenetic tree and low levels of 16S rRNA gene sequence similarities (,93 %) between ST0316
T and these four species indicated that strain ST0316
T is not a member of these species.
Similar to D. aerius TR0125 T ( Supplementary Fig. S2D ) and other species of the genus Deinococcus (Embley et al., 1987; Ferreira et al., 1997; Hirsch et al., 2004; Lai et al., 2006) , the strain ST0316
T displayed a complex polar lipid profile consisting of five unidentified phosphoglycolipids, four unidentified phospholipids and three unidentified glycolipids ( Supplementary Fig. S2B ). Judging from the TLC of the mixture of the lipid samples of ST0316 T and D. radiodurans ATCC 13939 T , three major polar lipids, PGL4, PGL3 and GL2, of ST0316
T were identified to be the same lipids as PGL2, PGL1 and GL1 of D. radiodurans ATCC
13939
T ( Supplementary Fig. S2A-C) , respectively. Based on the relative positions of other spots in respect to the dominant phosphoglycolipid, ST0316
T can be distinguished from other deinococci (Embley et al., 1987; Ferreira et al., 1997; Lai et al., 2006) .
In addition, strain ST0316
T could be distinguished from the type strains of the four closely related species by nitrate reduction and carbon-source assimilation tests. Therefore, strain ST0316
T is considered to represent a novel species of the genus Deinococcus, for which the name Deinococcus aetherius sp. nov. is proposed.
Description of Deinococcus aetherius sp. nov.
Deinococcus aetherius (a.e.the9ri.us. L. masc. adj. aetherius belonging to the upper air, referring to the isolation site of the type strain).
Colonies are circular, convex, pink-red pigmented (nonfluorescent) and shiny with smooth edges. Cells are spherical, 1.0-1.5 mm in diameter, non-spore-forming and non-motile. The optimal growth temperature range on mTGE-GP is 25-30 u C. Optimum growth at pH 7.0. Cells typically grow slowly in clusters and are highly resistant to desiccation, c-ray (D 10 .8 kGy) and UV radiation (D 10 1000 J m Major fatty acids are C 16 : 1 v7c, C 16 : 0 , C 17 : 0 and iso-C 17 : 0 . The predominant menaquinone is MK-8. Polar lipid profile is complex, consisting of various unknown phosphoglycolipids (including a predominant phosphoglycolipid), glycolipids, and phospholipids. Can hydrolyse aesculin, reduce nitrate to nitrite, and possesses catalase, oxidase, arginine arylamidase, pyrrolidone arylamidase and b-galactosidase activities. Can use glycerol and asparagine as carbon sources. DNA G+C content of the type strain is 69.8 mol%.
The type strain, ST0316
T (5JCM 11751 T 5DSM 21230 T ), was isolated from an air sample collected in the stratosphere, Japan. T with its close relatives. The tree was inferred with TREEFINDER under the GTR+I+G model (1266 sites). The log-likelihood of the tree is "9176.143. The alpha parameter of the Gamma distribution is 0.390, and the portion of invariable sites is 0.516. Thermus ruber ATCC 35948 T and
Thermus thermophilus HB27 were used as outgroups in the tree. The bootstrap probability of each node higher than 50 % is shown. Bar, 0.05 substitutions per nucleotide position.
